ABSTRACT Diaper rash is harmful to babies and the elderly, so many researchers have improved wetness-detection technologies to assist in investigating solutions. In addition, enuresis is a primary healthcare problem in everyday nursing care, particularly for frail elders and patients with dementia in nursing homes. Bleeding is defined as blood leaking from the circulatory system and can cause death. Therefore, an essential part of surgery and first aid is controlling bleeding. Our Bluetooth-based wetness and bleeding detector consist of a wetness sensor, microcontroller, Bluetooth transceiver microcontroller, and GSM modem or computer. Two or four fine conductors between sheets of medical bandage or diaper layers comprise the wetness sensor. Wires connect to a pair of pressing studs protruding from one end of the diaper or gauze. When the wires are wet, the conductance between the studs drops exceeding a pre-established threshold, initiating the alarm. The Bluetooth transceiver passes the warning alarm through a microcontroller to the GSM modem. Consequently, a smartphone or other alarm starts ringing, informing healthcare personnel that wetness or bleeding is occurring.
I. INTRODUCTION
Modern healthcare environments necessitate interest in a diaper-wetness-detection system or technique to alert a caretaker when it is time to replace a diaper. Although some wetness sensors are in production, cost, bulkiness, simplicity, and general applicability limit their usefulness in many areas. Because of the increasing aging of the population, interest is growing for dementia patients with enuresis. Interest is increasing for healthcare, quality of life, and improved well-being for patients who are mentally and severely ill. Caregivers must inspect diapers periodically for tenacious patients staying in a nursing home, public hospital, or nursing hospital; patients suffering from brain death; disabled people who are unable to urinate; or older adults with dementia. In this study, we propose a simple design and convenient bleeding-and wetness-detection system using a Smartphone or computer through a Bluetooth transceiver and microcontroller. The proposed method automatically detects wetness on a diaper or medical dressing and sends a warning alarm
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to the Smartphone through Bluetooth, as well as an optional audio alarm [1] - [4] .
Researchers have provided some examples of methods to discern and measure moisture in the diaper [5] - [10] .
II. WETNESS-DETECTION APPROACHES
To detect wetness in a diaper, the person's activities are usually monitored through color change or pressure signals.
In all wetness-detection approaches, the primary goal is to discover wetness incidents during everyday activities with four potential results:
1. True Positive (TP)-wetness occurred and the detector reported a wetness incident.
2. False Positive (FP)-wetness did not occur, but the detector reported a wetness incident.
3. False Negative (FN)-wetness occurred, but the detector did not report a wetness incident.
4. True Negative (TN)-wetness did not occur, and the detector did not report a wetness incident.
The success of a wetness-detection system is assessed by its sensitivity, determinedas TP/(TP + FN), and specificity, determined as TN/(TN + FP). Personal use is also permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
High sensibility usually emerges in experimental environments, but, in real life, performance is less effective. A wearable wetness detector is the basic method to detect wetness events and extend communication, distributed through radio frequencies [11] , [12] .
As shown in table 1, the desired specifications are applicable in the proposed system [13] . 
III. THE PROPOSED SYSTEM DESIGN, MATERIALS, AND METHODS
Distributing points installed in the target environment comprise a wireless-network that scans for an alarm periodically. If a wetness event has occurred, the wireless network will receive a signal from the soiled diaper. With the aid of the wireless network, the wet diaper can be located inside the area of network coverage. We describe the proposed method in five sections. First, the wet-sensor unit detects the status of moisture. If the medical gauze or diaper is wet, the sensor immediately sends a signal to the microcontroller. Second, the microcontroller sends a message to the Bluetooth transmitter. Then, the Bluetooth transmitter sends a signal to the Bluetooth receiver. Fourth is a microcontroller that receives the signal from Bluetooth. Finally, a GSM modems ends a warning message to the caregivers. Fig. 1 . demonstrates the proposed system.
We used Bluetooth for two reasons. First, Bluetooth consumes low energy. The disadvantage of low power consumption is the small data throughput, though in this application, the volume of data needing to cross the network is small. Second, Bluetooth is used in increasing numbers of embedded systems, particularly in Smartphones and notebooks. By taking advantage of Bluetooth technology, the proposed system can easily communicate with other devices, increasing the possibility of integrating the proposed system into a larger network.
A. THE TWO DESIGNS OF WETSENSOR
Of the two wetness-detector ideaswe tested, the first design is applicable and compatible with all brands and subbrands of diapers in that the proposed system will not require adjustment and will not compromise the integrity of any portion of the diaper. Thus, the disposable wet sensor and related components will be placed in the diaper easily without cutting or modifying the diaper. The sensor consists of four thin wires placed between layers of disposable gauze. The four thin wires connect to a pair of pressing studs protruding from one end of the disposable gauze, shown in Fig. 2 . and 3. The disposable gauze can detect any amount of humidity or urine on the diaper. This method improves the responsiveness of the proposed wetness detector [1] , [14] .
The second idea comprises an elongated pair of thin wires positioned between the layers of a diaper or medical dressing in a region prone to wetness. The ends of the two wires protrude from the upper front part of the diaper and terminate at the pressing studs, shown in Fig. 4 [1] , [14] . The fine wires L 1 and L 2 connect to the sensor circuit via simple pressing studs. A 4.5 or 6 V DC source (B 1 ) supplies current. When the gauze or diaper is wet, conductance between L 1 and L 2 exceeds a preset threshold, allowing current to flow across resistors R 1 and R 2 . The drop voltage through resistor R 2 biases transistor Q 1 . When transistor Q I is conducting, power reaches the microcontroller to turn it on [1] , [14] , [15] .
B. CIRCUIT DIAGRAM FOR THE MICROCONTROLLER AND BLUETOOTH TRANSMISSION
The proposed wetness-detector unit is designed to work with an ATMEGA328P-PU 8-bit AVR RISC-based microcontroller. The ATMEGA328 has low power consumption, and is equipped with a 32KB ISP flash, 1024B EEPROM, 2KB SRAM and other peripherals. The proposed circuit consists of a wet sensor, ATMEGA328P-PU microcontroller, and HC-05 Bluetooth chip. The analog wetness detector generates an analog signal sent to ATMEGA328P-PU through pin 12. Then the ATMEGA328P-PU chip transfers the signal to the HC-05 Bluetooth chip through pins 2 and 3. The system has three options of operation modes. First, the circuit works remotely through Bluetooth via pin 6, through the Bluetooth switch. In the second and third options, the circuit works locally and sets off the alarm by LED or Buzzer through pins 9 and 11 via Buzzer and LED switches through pins 4 and 5. Fig.6 shows the wetness sensor, ATMEGA328P-PU, and the Bluetooth transmission schematic [16] - [19] . Fig. 7 demonstrates the receiver section. The Bluetooth receiver receives the signal and sends it to the microcontroller via pins TXD and RXD. Then the microcontroller receives the signal via pins 0 and 1. Consequently, the (SIMCom, SIM900D) GSM modem receives the message from the microcontroller through pin 8 and starts transmitting an alarm to the Smartphone or screening monitor.
C. CIRCUIT DIAGRAM FOR THE RECEIVER AND GSM MODEM
In addition, the system has three possible modes of operation. First, the circuit works remotely through the GSM modem via pin 8 through a GSM switch via pin 11. For the second and third options, the circuit works locally and sounds the alarm by LED or Buzzer switches through pins 12 and 13. The receiver can be powered by battery or power outlet to allow a service-free installation [18] - [22] .
IV. SYSTEM OVERVIEW AND OPERATIONS SCENARIOS
The general system-operation flowchart is depicted in Fig.8 . The microcontroller supports the timely detection of diaper or medical-gauze wetness using the wetness sensor; when the diaper or gauze is wet, the sensor emits an event signal (S = 1). This signal either is relayed wirelessly through a Bluetooth transceiver to the microcontroller for processing or is carried locally to the Buzzer or LED.
The receiver microcontroller provides timely checking of the signal from the Bluetooth receiver(B = 1); this signal either goes locally to the Buzzer or LED, or moves remotely through the GSM modem to a Smartphone or computer. Subsequently, caregivers receive an alarm, alerting them to the need for a timely diaper or medical-gauze change. Fig. 9 shows the prototype of the wetness detector. We tested the wetness detector in a real diaper and medical pads with a loudspeaker and the LED, which produced a clear audio buzz and LED light. We evaluated the system by wetting the diaper with high-density tap water and adjusted its sensitivity with various amounts (1 ml, 2 ml, 3 ml, 4 ml, and 5 ml). We varied the R 2 value until the buzzer emitted a sound and used that value as a fixed resistor on the other four sensors. In the tests, we estimated all functionalities from the wetness-detection system from Bluetooth initialization to receiving the alarm message. Throughout the development process, we tested all functionality separately 5 times. Because all functions passed the tests, we conducted another 5 integration experiments. Subsequently, we evaluated many different scenarios 3 times each. Test results showed that Bluetooth was able to transmit messages from the alarmed node to the GSM node smoothly. Furthermore, we measured the power dissipation of the wetness-detector part during Bluetooth transmission and in an idle state. We tested the wearable part with two CR1632 batteries (130 mAh) under a Bluetooth-transmission periodic mode using a scanning interval of 1000 ms with a scan window of 500 ms. The periodic mode consumed (0.171 mA);operation duration on a single charge varied from 30 to 45 days, depending on daily usage.
V. RESULT AND DISCUSSIONS
Before the prototype tests, we conducted a simulation using Proteus software. The virtual-terminal monitor from the Rx microcontroller and the GSM modem gives alarm messages depending on the pressing studs on the sensor. Immediately, a warning text message appears on the monitor, as shown in Fig. 10 . Tests showed that the detector can be adjusted by setting the threshold voltage to identify any level of moisture, according to the terms of the detection situation. The wetness sensor operated well in the test. 11 Shows the status of the LED mode of transmission on the Proteus simulation application, based on wetness-detector response. In this mode, the Bluetooth and Buzzer modes are off. Fig.12 illustrates the receiver-section status when the LED mode is active on the Proteus simulation application, based on the wetness-detector response. In this mode, the GSM modem and Buzzer modes are off.
To ensure the electronic wetness sensor would be competitive in the market, we conducted one more experimental test, observing microcontroller output voltage from the sensor. Depending on the quantity of water inside the diaper, the voltage drop is shown in Fig. 13 . After performing the test, our designed detector gave a higher quality response.
VI. CONCLUSION
The diaper wearer's health is paramount for parents and caregivers. Wearing a wet diaper for a long time creates serious health complications. In this article, we offered a diaperwetness detector based on a microcontroller, Bluetooth, and a Smartphone. Simulation and experimental results of the proposed system are quite acceptable to detect humidity in the diaper. Our system sets off an alarm locally or remotely using an audio buzz, flashing light-emitting diode, and Smartphone. Nowadays, a Smartphone is affordable. Furthermore, our method can be applied to other areas that require automated monitoring. One can use the wetness detector locally with a Buzzer or LED via switches. The proposed system comprises resistors, a transistor, a small battery, LED lights, a buzzer, microcontroller, and Bluetooth, which are quite inexpensive compared to other wetness detectors. The entire proposed system is not costly because the conductive wires and the pressing studs and gauze may cost a maximum of 20 to 30 cents USD. Also, the initial cost of the wetness detector would be approximately15 USD. The wetness detector is decoupled from the pressing studs for reuse. The cost estimation of the GSM Modem (SIMCom, SIM900D) and Bluetooth HC-5 plus ATMEGA328P-PU chip are about 25 USD. Further, this system is suitable for all types of users who can use a Smartphone or computer. The disposable wet sensor is fully compatible and applicable with all brands and subbrands of diapers.
The wetness-detection system can also be improved in different ways, as needed. First, the current application does not use any security. Security can be developed in the future; however, security may raise power consumption. Second, an emergency switch can be combined with the alarm system. Third, another messaging systems can be added to SMS, such as push notification, WhatsApp, etc. CHEN LI WEI received the master's degree from the Information and Communication Engineering College, where he is currently a master's supervisor with a focus on signal detection and sensing, and signal processing.
